We aimed to provide a complex assessment of adult females with adolescent idiopathic scoliosis (AIS) after a minimum of 23 years after completed Milwaukee brace treatment. In the present study, a comparison between healthy female and AIS patients' perception of trunk disfigurement, self-image, mental health, pain level and everyday activity was made. Thirty AIS patients with a mean of 27.77 yrs (SD 3.30) after the treatment were included in the study. The control group consisted of 42 females, matching the age profile of the patient group. Study participants from both groups were examined using the same protocol, except for the radiological evaluation. Patients and healthy controls completed the Polish versions of the Scoliosis Research Society (SRS-22) and Spinal Appearance Questionnaire (SAQ). Patients additionally filled the Bad Sobberheim Stress Questionnaire-Deformity (BSSQDeformity) and Bad Sobberheim Stress Questionnaire-Brace (BSSQ-Brace). The study group's SAQ results differ significantly in regard to the total score and all individual domains, indicating better functioning among healthy controls. Except for the General domain (p = 0.002), among the remaining subscales the study group's results differed significantly at p<0.001. Considering SRS-22 results, it was revealed that the patient group scored higher, signaling better functioning with reference to pain level (p = 0.016), function/activity (p< 0.001) and the total score (p<0.001). The findings add to the complexity of long-term effect evaluations of AIS, particularly amongst females treated with a Milwaukee brace. Long-term results were not conclusive in terms of nonverbal assessment of body image and emotional tension regarding the experiences of brace-wearing. Future patients can be reassured that scoliosis treated conservatively does not negatively affect everyday activity, pain level, childbearing and mental health. Subjects who declared to have psychological problems due to scoliosis had a bigger curve size after treatment and in this study than the other AIS patients.
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Introduction
A number of studies have been conducted to investigate a long-term follow-up after surgical or conservative treatment for adolescent idiopathic scoliosis (AIS), concerning different types of brace treatment, among other subjects [1] [2] [3] [4] [5] [6] [7] . Danielsson and Nachemson [8] indicated that adults with scoliosis might be further concerned about their appearance, leading to some restriction of social and sexual activity. On the other hand, Noonan et al. [9] showed that, after reaching adulthood, there were no differences of a psychosocial nature in patients treated for AIS compared with healthy controls. It must be emphasized, most studies with long-term results regarding AIS refer to patients treated surgically [10] [11] [12] [13] .
The Milwaukee brace has been a standard of nonsurgical treatment for scoliosis since 1954 [14] . It was indicated that wearing the Milwaukee brace for 23 hours was the most effective treatment method for moderate scoliosis. Despite the effectiveness, a study conducted by Climent et al. concerning the impact of the type of brace on the health-related quality of life (HRQoL) of adolescents with spine deformities showed that the Cervico-Thoraco-Lumbosacral Orthosis (CTLSO) (e.g. Milwaukee brace) leads to a significantly greater impairment of the patient's functioning during treatment than other types of orthoses [15, 16] . Interestingly, Apter et al. [17] investigated the psychosocial sequelae of treatment using the Milwaukee brace in females with AIS and found they were able to cope well after an initial critical period. The authors indicated that only minor disturbances to body image and sexual attitudes were observed and, in general, no specific psychiatric intervention was needed in those patients [17] . In addition, Gratz et al. [18] suggested that after the initial shock of learning about the condition and treatment, the negative effects of the Milwaukee brace-wearing experience were minimal. The experience of "being different" was reported to be constructive by 12.5% of the patients. The negative aspects reported by the study group were related to buying clothing, limited movement, and the rudeness shown toward them by others. Meanwhile, Maruyama et al. [14] adopted part-time wearing of the Milwaukee brace in order to maintain its effectiveness and at the same time to reduce the physical and psychological burden on the patients. Their findings indicated that this was effective and did not affect the patients' HRQoL [14] .
Unfortunately, some of the studies mentioned above had shortcomings, such as patients not being precisely defined nor consecutively selected or the lack of a comparison group consisting of healthy controls, which may restrict the generalizability of the findings [1] [2] [3] [4] [5] 19] . Moreover, most of research concerning the long-term results of conservative treatment concerns patients treated with the Boston brace [20] [21] [22] .
To date, none of the mentioned studies have used validated questionnaires for nonverbal assessment of the perception of trunk disfigurement or scoliosis-specific stress connected to it and experiences related to wearing the Milwaukee brace. Taking into account the unambiguous results of a significant long-term psychological impairment related to conservative treatment, we aimed to provide a complex assessment of adult females with AIS minimum 23 years after completed Milwaukee brace treatment. In the present study, a comparison between healthy females' and AIS patients' perception of trunk disfigurement, self-image, mental health, pain level and everyday activities was performed. Our hypothesis was that significant differences between these groups would be confirmed, indicating better psychosocial adaptation in the healthy controls. Furthermore, we aimed to evaluate patients' memories of braceand deformity-related emotional stress levels. We hypothesized that most of the patients would indicate a moderate or severe stress level, and that Milwaukee brace-related stress would be higher than the emotional tension related to body deformity. The last purpose was to identify socio-demographic and clinical factors affecting patients' functioning, with the hypothesis that there is no or a weak association between radiological and clinical data and patients' well-being. We have achieved the study objectives that have been set.
Material and methods

Structure of the study
In the present study, results concerning the implications of brace treatment in adult AIS females (scoliosis group-SG) treated with a Milwakee brace were evaluated. Based on an extensive search of Pediatric Orthopedics and Traumatology Clinic charts, we retrospectively reviewed the clinical records and radiographs of all female patients who had successfully completed a course of treatment with the Milwaukee orthosis between 1974 and 1990. Forty patients met the criteria for inclusion, but due to a change in personal details (such as address or family name after marriage), not all of them were contacted. Finally, 30 women participated in the evaluation.
A control group of healthy females (healthy controls group-HG) was selected for comparison based on random sample choice. The study and control group have been tested for equivalence in regard to their size and the quantitative and qualitative characteristics.
The groups were interviewed for age, work, marital status, number of children and how they were delivered, rate of caesarian sections and complications during delivery, place of residence and active hobby. In addition, all study participants were asked to fill in questionnaires to compare long-term brace-wearing's psychosocial implications.
All study participants were examined using the same protocol, except for the radiological evaluation performed in scoliosis patients only. They were informed in detail on the objective of the study. They understood that they would be anonymous and that their personal information would not be disclosed. All participants signed written informed consent to participate in the study. The study design was approved by the Bioethics Comission of Poznan University of Medical Sciences and was carried out in accordance with universal ethical principles.
Clinical and radiological examination
Clinical and radiological examinations were performed at three time points: before, after completed treatment and then in the current follow-up and were taken in an upright position with the iliac ala exposed in an anterior-posterior projection. Data concerning former treatment regimens and radiological findings were gathered from a chart and radiograph review. The physical examinations were performed by AO, the 4 th study author, and the radiographic measurements were conducted by JG and MG, the 2 nd and the 3 rd study authors, respectively. The success rate at maturity was calculated according to Nachemson and Peterson, who defined success of treatment as an increase in the curve of less than 6˚from the start of bracing [23] . The curve change from end of treatment to the present follow-up was assessed as well.
Patient sample
Thirty AIS patients with a minimum of 23 years after completed Milwaukee brace treatment were included in the study. All treatments were completed before the patients reached 19 years of age. In all cases, the scoliosis was not detected before 10 years of age and was not combined with any major spine deformities at the time when brace treatment was implemented. In addition, patients were excluded from the study if at the present study they suffered from any other disease leading to trunk deformity.
Healthy controls
The control group consisted of 42 females, matching the age profile of the patient groups. The exclusion criteria for the control group were: previous back surgery or significant scoliosis, which was ruled out by clinical examination, including the use of the Perdriolli's scoliometer. None of the controls had a trunk rotation of more than 5˚, according to Danielsson et al. [7] .
Questionnaires used in this study
To capture the impact of the disease and its treatment, suitable and specific questionnaires were selected. Patients and healthy controls completed the Polish versions of Scoliosis Research Society (SRS-22), and Spinal Appearance Questionnaire (SAQ). In addition, to assess memories of brace-and deformity-related stress experience, only patient group was additionally asked to fill in the Bad Sobberheim Stress Questionnaire-Deformity (BSSQ-Deformity) and Bad Sobberheim Stress Questionnaire-Brace (BSSQ-Brace), which directly concern AIS or the use of braces [24] [25] [26] .
SRS-22 is a well-recognized self-assessment instrument used in the clinical evaluation of patients with AIS, which reflects the subjective perception of the patient's health and measures health-related quality of life (HRQoL) [27] . SRS-22 contains 22 questions, which are grouped to form the following subscales (domains): intensity of pain; self-image; function/activity; mental health and satisfaction from treatment. The scores for each answer range from 1 to 5 points and in each domain the recipient can score from 5 to 25 points, except for the satisfaction from treatment subscale, on which patients can score from 2 to 10 points. The overall score can range from 22 to 110 points. However, the mean values in each domain are usually analyzed [28] . Higher values indicate better patient functioning.
BSSQ-Deformity and BSSQ-Brace consider specific requirements related to the necessity of conservative treatment and stress related to body deformation, connected with AIS. BSSQ-Brace and BSSQ-Deformity have a very similar structure and both consist of eight questions. BSSQ-Deformity relates to the effect of spine deformity on patients' mood, interactions with their social environment and, as a result, the effect of the experienced stress. The BSSQ-Brace focuses on the psychological burden connected with the necessity of conservative treatment and assesses the extent to which brace wearing affects mood, distorts social interactions and, in consequence, leads to an increase in the stress level [29, 30] . Possible answers on the Bad Sobberheim Stress Questionnaires are marked on a four-point scale: from 0 to 3; general scores range from 0 to 24. The results are interpreted as follows: the higher the score, the lesser the stress, thus 0 signifies the greatest stress, whereas 24 signifies the least stress. The following subdivision of the score values is proposed by Botens-Helmus et al.: 0-8 (strong stress), 9-16 (moderate stress) and 17-24 (little stress) [29] .
The SAQ, a modified version of the Walter Reed Visual Assessment Scale (WRAS), is used to assess the perception of trunk deformity by scoliosis patients [31] . It comprises of trunk profiles depicting various degrees of trunk deformity caused by scoliosis, as included in the WRAS scale. Moreover, the SAQ includes close-ended questions, pertaining to the degree patients' satisfaction or dissatisfaction with their appearance. To summarize, the SAQ consists of 20 items which form the following subscales that reflect various forms of body deformity: general, curve, prominence, trunk shift, waist, shoulders, kyphosis, chest and surgical scar (this domain was omitted in our analyses). The items are scored from 1 to 5 points. The higher the score, the worse the patients' perception of appearance. Items no. 8, 18 and 20 are open-ended questions that focus on which aspect of deformity is the most bothersome to patients [31] .
Statistics
With respect to the statistical quantitative (numerical) features, e.g. age, apical translation, Cobb angle, number of children or questionnaire results, we determined the mean, 95% confidence intervals, range and standard deviations. Regarding the qualitative features, (information that has aspects that are impossible to be measured), e.g. curve type, educational level, marital status or place of residence, we gave the number of units that belong to described categories of a given feature and respective percentages. To determine if the investigated sample sizes were equivalent, the chi-square test was used. The chi-square test was used to compare qualitative features between persons with scoliosis and healthy controls. In addition, a MannWhitney test was utilized to compare differences between both groups in regard to quantitative characteristics. To establish relations between quantitative data such as e.g. age, duration of brace application, apical translation, Cobb angle, and questionnaire results, we used Spearman's rank correlation (marked as rS). To determine dependency between quantitative and qualitative characteristics, e.g. between questionnaire numerical data and marital status, place of residence or curve type, ANOVA Kruskal-Wallis test was used. To protect against Type I errors, a Bonferroni adjustment for multiple comparisons was made in that way the accepted alpha level (p = 0.05) was divided by the number of tests conducted in each section.
As 
Results
Clinical and radiological data
The sample sizes are equivalent (p = 0.157). The patients' mean follow-up period was 27.77 yrs. SD 3.30 (range 23-35 years). The Milwaukee brace was worn for a mean of 22.9 hrs. daily SD 0.31 (range [22] [23] . The average length of brace application was 45.47 months SD 20.00 (range .
Radiographic examination at the beginning of brace treatment resulted in Risser Grade 0 in 19 patients (63.33%), Risser Grade I in 2 patients (6.67%), and Risser Grade II in 9 patients (30%). Risser Grade IV was identified after completed treatment in all study patients (100%). In accordance with the criteria of the Scoliosis Research Society regarding the location of apex [32] , thoracic scoliosis was identified in 21 patients (70%), thoracolumbar in 2 patients (6.67%) and lumbar curves were identified in 7 AIS females (23.33%). The success rate at maturity, according to Nachemson and Peterson [23] , was identified in 16 patients (53.33%). Five patients (16.67%) were qualified for scoliosis surgery after completed brace treatment, but refused to undergo an operation. The curve change from the end of treatment to the present study was 9.1 angles SD 7.64 (range 0-27). For additional clinical and radiological characteristics of the patient group, see Table 1 .
Socio-demographic data
The mean age of patients (SG-study group) at the follow-up was 41.13 yrs. SD 3.87 (range , whereas mean age of controls (HG-healthy group) was 42.05 yrs. SD 7.41 (range 22-61). Twenty-eight females with AIS (93.4%) and 29 healthy controls (69%) were married. Of 30 female patients, 29 (96.67%) had delivered babies and the mean number of children was 2.0 SD 0.83 (range 0-4), whereas in the control group 33 females (78.57%) had delivered babies and the mean number of children in this subgroup was 1.48 SD 0.99 (range 0-3). The rate of caesarean section was 30% (9 patients) in SG and 27.3% (9 controls) in HG. Ten patients (34.48%) and 8 controls (23.53%) had experienced problems during delivery (for additional data, see Table 2 ).
Analysis of questionnaires data
Mean scores and standard deviations, the minimum, maximum, and 95% confidence intervals of SRS-22, BSSQ-Deformity, BSSQ-Brace and the SAQ were calculated and are summarized in Table 3 .
Patients experienced a moderate level of stress connected with memories of conservative treatment; the mean value was 11.1 SD 4.73, however, the stress level related to perceived trunk deformation was high and the mean value was 7.40 SD 3.71. This difference is statistically significant (p = 0.001). Long-term effects of conservative treatment on body image and mental health of adults with scoliosis
The highest number of patients (n = 14, 46.67%) experienced moderate stress related to body disfigurement. However, a similar number of patients (n = 12, 40%) reported severe stress concerning body deformity. Only 4 patients (13.33%) experienced a low stress level. Concerning the memories of stress related to completed brace treatment, 20 patients (66.7%) reported a strong stress level regarding this experience, whereas 10 females (33.33%) reported a moderate stress level.
In respect to the total scores of the SAQ, patients scored 2.91 SD 0.77. Patients exhibited the most self-criticism in the following order: General, Waist, Chest, Curve and Shoulders (average scores respectively: 3.33, 3.02, 2.97, 2.93 and 2.83). Kyphosis, Prominence and Trunk shift were the elements that are assessed the least critically by patients (average scores respectively: 2.70, 2.53 and 2.45) (Table 3) .
Whereas, considering the general results of the SAQ achieved in the HG, individuals scored 1.45 SD 0.41. Healthy controls exhibited the greatest self-criticism in the following order: 
Place of residence p = 0.001 Table 3) . Table 4 shows the interpretation of answers given to open-ended questions on the SAQ. From the interpretation of answers given to question 8, it appears that most patients (n = 13 and n = 9, that is 43.33% and 26.67%) indicated rib and flank prominence, respectively, as the elements of trunk deformity most disturbing to them. (Table 3 ). In the HG, 39 healthy controls (92.86%) indicated that none of listed forms of body deformity bothered them the most.
From the interpretation of answers given to question 18, it appears that 12 patients (40%) would like to be more even, but another 12 patients pointed out that none of the listed items concerning body appearance was the most important to them. Interestingly, thirty-four (80.10%) healthy controls indicate that none of the listed items concerning body appearance are the most important to them. The distribution of answers to question 20 seems interesting. It appears that as many as 14 patients (46.68%) would not change anything in their body shape, whereas 5 of them (16.67%) would like to change their body appearance in general (For details see Table 5 ). In the control group, most of the females (n = 34, 80.10%) would not change anything in their physical appearance.
The total score of the SRS-22 was 2.71 (SD 0.38) and 2.39 (SD 0.29) in the patient and healthy controls group, respectively (Table 2 ). Females from both study groups scored highest in the mental health domain (3.05 SD 0.41 in the SG and 3.0 SD 0.35 in the HG). In the HG, the worst score regards the function/activity domain (1.89 SD 0.66), whereas in the SG it regards the self-image subscale (2.14 SD 0.47). Tables 2 and 3 also present the results of cross-group comparisons for the socio-demographic data, general results of each scale as well as for individual domains. In terms of socio-demographic characteristics, there are statistical differences between subgroups among: educational level (p = 0.004), the Bonferroni correction revealed that study groups differ statistically in incidence of having occupational and secondary level of education at p = 0.001:, participants from SG had less often secondary than occupational level of education than participants from HG; the Bonferroni correction also revealed that study groups differ statistically in incidence of having occupational and university level of education at p = 0.003:, participants from SG had less often university than occupational level of education than healthy controls. There is https://doi.org/10.1371/journal.pone.0193447.t005
Comparative analyses
Long-term effects of conservative treatment on body image and mental health of adults with scoliosis also a statistical difference between subgroups among place of residence (p = 0.001): the Bonferroni correction revealed that study groups differ statistically in incidence of living in the country and a city over 20 000 inhabitants at p = 0.002, participants from SG lived more often in the country.; a Bonferroni correction also revealed that study groups differ statistically in incidence of living in a city below 25 000 inhabitants and city over 20 000 inhabitants at p = 0.001, participants from SG lived more often in in a city below 25 000 inhabitants. Results showed that subgroups statistically differ in terms of working time per week (p = 0.013, patients from SG spend less time on their occupational activity per week), no. of children (p = 0.046, patients from SG had delivered more children) and active hobby per week (p = 0.038, patients from SG spend fewer hours weekly on an active hobby). There was also revealed a statistical difference between subgroups in marital status (p = 0.037), however, a Bonferroni correction revealed that the particular comparisons between selected categories (single, married, divorced, widowed) are statistically insignificant. For details, see Table 2 .
Regarding SAQ results, the study groups differ significantly in the total score and all individual domains, indicating better functioning among participants from HG. Except for the General domain (p = 0.002), the study groups differed significantly on the remaining subscales at p<0.001. Regarding the distribution of answers to open-ended questions, our study confirmed statistically significant differences for question 8, as well as questions 18 and 20 (p< 0.001, p = 0.005 and p = 0.013, respectively). A Bonferroni correction revealed that, regarding question 8, the study groups differ significantly (at p < 0.0001) in incidence of pointing which form of deformity bothers them most (answer none vs rib prominence), indicating a better assessment of body shape among the healthy controls. Concerning question 18, the Bonferroni correction revealed that the study groups differ significantly (at p = 0.0005) in incidence of pointing which of questions 9-17 are the most important to participants, indicating that healthy controls more often indicated that none of questions is the most important to them, compared to indicating question no. 9 (on the desire to have a correct trunk shape) than scoliosis patients. Finally, concerning question 20, the Bonferroni correction revealed that the study groups differ significantly (at p = 0.002) in pointing what would they most like to change about their body's shape indicating that scoliosis patients more often pointed rib hump than their body shape in general, compared to healthy controls (see Table 4 ).
Considering SRS-22 results, it was revealed that the SG group scored higher, signaling better functioning with reference to the pain level (p = 0.016), function/activity (p<0.001) and the total score (p<0.001) (for details see Table 3 ).
Correlation between the radiographic and clinical data and patients' wellbeing
Having analyzed the correlations concerning the results on specific subscales and the general results of the SAQ, after implementing a Bonferroni correction for multiple comparisons, test results whose p value exceeded the level of 0.0056, were treated as insignificant. Associations were identified between the Cobb angle after completed treatment and Prominence and Trunk Shift domains and the Total score (rs = 0.56, rs = 0.53 and rs = 0.50, respectively). In addition, significant associations were also revealed between apical translation after treatment and Shoulders and Chest domains and the Total score (rs = 0.53, rs = 0.53 and rs = 0.53, respectively) (see Table 5 ).
Considering the associations between BSSQ, SRS-22 and radiographic and clinical data, after implementing a Bonferroni correction for multiple comparisons, test results whose p value exceeded the level of 0.0063, were treated as insignificant. Finally, we did not reveal any significant associations. For details, see Table 6 . https://doi.org/10.1371/journal.pone.0193447.t006
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Correlation between the socio-demographic data and patients' well-being
After implementing a Bonferroni correction for multiple comparisons, test results whose p value exceeded the level of 0.0056, were treated as insignificant. Finally, we did not reveal any significant associations. For details, see Table 7 .
Associations between questionnaire results
As seen in Table 8 , after implementing a Bonferroni correction for multiple comparisons, test results whose p value exceeded the level of 0.0125, were treated as insignificant. It was revealed https://doi.org/10.1371/journal.pone.0193447.t007
Long-term effects of conservative treatment on body image and mental health of adults with scoliosis that only BSSQ-Deformity displays a significant correlation with SRS-22 (rs = -0.48) (see Table 8 ).
Discussion
A number of long-term follow-up studies on AIS have been published [2] [3] [4] [5] [33] [34] . Many of those studies only focus on one topic, mostly on radiological findings in one plane, with no comparison group of straight individuals. A non-consecutive patient series and a high number of dropouts in these studies limit the conclusions that can be drawn [34] . Bearing in mind the results of these studies, we assumed that monitoring the functioning of adult females with AIS should be routinely implemented after brace treatment is completed. The longitudinal exploration of the perception of disease and possible psychopathological implications would allow determining useful practical implications for the clinicians. In addition, we believe that long-term follow-up studies can provide reliable information for patients who will undergo conservative or surgical treatment due to AIS.
To our knowledge, this is the first study of long-term effects after more than two decades of completed Milwaukee brace treatment, concerning patient's complex evaluation of disfigurement by means of trunk profiles depicting various degrees of scoliosis-related trunk deformity, or memories of stress experienced during wearing the brace and regarding body deformity. A control group of randomly selected from a larger sample healthy females, assembled for comparison purposes, enabled a comprehensive assessment of scoliosis patients, and, owing to this fact, our study results add to the complexity of long post-treatment evaluations of brace treatment in AIS. It was confirmed that adult scoliosis patients, despite over 20 years after completed Milwaukee brace treatment, are further concerned about their appearance, when questioned about nonverbal assessment of e.g. their own shoulder level, waist asymmetry, body curve or rib prominence. At the same time, emotional tension regarding the experience of brace-wearing was reported at a very high level. Moreover, adult patients questioned about their memories of emotional tension, reported higher stress levels due to brace application when compared to the stress related to trunk deformation alone.
Considering the issue of progression of scoliosis, Negrini et al. [35] summarized the results of conservative treatment. They referred to eg Weinstein et al. [36] who found that the rate of success (curves remaining below 50 degrees) was 38/51 in the brace group and 27/65 in the observation group. The results were in favor of brace. In addition, they indicated Coillard et al. [37] work, in which the authors reported the rate of success (correction or stabilization, recognized as 58 degrees or less of curve progression) as 21/26 in the brace group and 9/21 in the control group. The results were also in favor of brace. Those data are consistent with results of Milwaukee brace treatment referred in the current study and enters at issue of natural differential effects of conservative treatment due to adolescent idiopathic scoliosis. Questions arise as to the long-term effects of bracing on the psyche, on the curve and on the everyday activity of adult scoliosis patients. In our opinion, such variables as social functioning, satisfaction with appearance, feeling of attractiveness, or stress level regarding body deformation also required more in-depth investigation in adult scoliosis populations. In a similar study, Noonan et al. [38] evaluated the psychosocial characteristics of patients treated for AIS at an average follow-up of 7 years. They found that patients' perceptions of discrimination and a lower satisfaction with their overall appearance was recalled during the brace treatment phase, but on reaching adulthood there were no more differences in those characteristics in patients compared with healthy controls. Interestingly, in their study concerning scoliosis patients at least 20 years after treatment, Danielsson et al. [7] indicated the mean curve in the long-term follow-up was slightly increased when compared with the original curves and the curve after weaning. In addition, no major impact on patients' HRQoL was observed. Furthermore, Gabos et al. analyzed long-term outcomes in females with AIS who had been treated with the Wilmington orthosis and indicated that 93% of them reported no subjective deterioration in their physical appearance, the cosmetic appearance of the back, or their self-image in the period since they discontinued using the brace [39] .
Our study findings partly confirm the outcomes referred to by e.g. Danielsson et. Al, Noonan et. al, or Gabos et al. [7, 38, 39] , since in view of SRS-22 results, adult patients scored surprisingly higher in the intensity of pain and function/activity domains, as well as in the total score, indicating even better functioning in those areas. Those findings might result from recommendations for scoliosis patients during and after completed brace treatment by doctors. Those recommendations focus mainly on physical activity and/or participating in rehabilitation programmes. However, we did not observe any discrepancies concerning the remaining domains, such as mental health or self-image domains. This indicates that our study hypothesis, regarding SRS-22 findings, could not be supported.
Fällström et al. [40] , in a series of 157 patients treated surgically and/or with Milwaukee braces, revealed that 9 years after treatment was completed, one-half of the brace group had definite signs of a negative body image concept. Those data are consistent with results derived from our study by means of the SAQ that the experience of wearing the Milwaukee brace has a long-term negative effect on patients' perceptions of their appearance, including particular aspects of scoliosis-related deformity, e.g. curve, prominence, kyphosis, chest, shoulder level or waist asymmetry. Those results supported our primary assumption.
However, some interesting and apparently contradictory results concerning self-and bodyimage assessment in scoliosis patients must be discussed. As pointed out above, the study groups do not differ regarding the SRS-22 self-image domain, but, at the same time, significant discrepancies relating to the total score and all individual domains of the SAQ have been confirmed. A possible explanation of such an inconsistency might be that SRS-22 represents the traditional verbal assessment of the patient's feeling of attractiveness and appearance, such as their appearance in clothes, or influence of body appearance on personal relationships, whereas the SAQ provides trunk profiles depicting various degrees of body deformity, which gives patients a direct, nonverbal assessment of e.g. their own shoulder level, waist asymmetry, body curve or rib prominence. In addition, the lowest score among SRS-22 domains regards the self-image subscale. Furthermore, as our study presents the first long-term evaluation of body image in Milwaukee brace-treated adult patients by means of the SAQ, we cannot compare results derived from current study to similar patients' evaluations, also performed by means of SAQ. In addition, some explanation of those study results might question the validity of SAQ and SRS-22 in particular when used in healthy individuals. On the other hand, many authors, e.g. Berven et al., Lonner et al. or Chaib et al. [41] [42] [43] determined the effect of spinal deformity on patients quality of life by means of comparison of results of SRS-22 in adolescent idiopathic scoliosis, and healthy controls. For example, Berven et al. [41] determined the validity and reliability of the modified SRS-22 for use in the assessment of deformity in adults and demonstrated good discriminate validity of the SRS-22 in differentiating between affected and unaffected adults, whereas Chaib et al. [43] analyzed postoperative perceived health status in adolescent following idiopathic scoliosis surgical treatment by means of French SRS-22, which was also completed by healthy controls.
Especially interesting results were obtained when adult scoliosis patients were questioned about their memories of emotional tension experienced during brace treatment and concerning scoliosis-related deformity. It must be emphasized that body deformities related to scoliosis, such as rib hump or decomposition of the trunk, are sources of stress and fear and disturb the development of body image. At the same time, many authors, e.g. Clayson et al. [44] , emphasize that the necessity of wearing an orthopedic brace may cause the patient emotional distress. They highlight the fear that patients have regarding using a brace in relation to their social life. Our study results indicated most of the patients had experienced moderate or severe stress related to body disfigurement and regarding the Milwaukee brace treatment implemented in puberty, which confirms our primary hypothesis. Furthermore, our results are in accordance to observations of Botens-Helmut et al. and Kotwicki et al. [29, 45] regarding higher stress levels due to brace application when compared to the stress related to trunk deformation alone. This suggests that patients experiencing stress related to body disfigurement often experience additional stress related to conservative treatment.
Considering correlations between the evaluation of body appearance and scoliosis parameters, such as Cobb angle, Asher et al. reported that the trunk deformity during the last control visit did not correlate with the treatment satisfaction level [46] . Haher et al. also reported that the radiological status did not correlate with the satisfaction level [47] . Benli et al. pointed out that patients had high treatment-satisfaction scores, irrespective of their final curve patterns, and all with a neurological deficit, except for one patient, said ''yes" when asked if they would have accepted the same course of treatment [48] .
Interestingly, contrary to those reports, our study revealed significant associations between the nonverbal evaluation of body appearance and Cobb angle after completed treatment, or apical translation after completed treatment. Our study findings are of special importance, since, as indicated in many previous studies, negligible or weak relationships exist between the size or severity of disfigurement and psychological dysfunction [49] . In addition, we did not reveal any significant associations between the duration of the follow-up period or brace-wearing-related data.
Dyl et al. and Ferguson et al. [50, 51] indicated that clinically significant body image concerns are associated with higher levels of depression, anxiety or mood disorders in general. In addition, dissatisfaction with body image may play a significant role in the development of low self-esteem, emotional problems and depression [52] . Therefore, we assumed the emotional tension regarding disfigurement or conservative treatment, may be related to patients' assessment of spinal appearance. However, our study results did not support the evidence of relationships between patients' perception of body image, as measured by the SAQ, and stress level due to body deformity.
One of the greatest concerns for females with AIS is whether they will be able to give birth through a normal delivery [53, 54] . The finding that scoliosis patients do not differ significantly in terms of sociodemographic measures was also reported in previously published studies [55, 56] . Danielsson and Nachemson reported long-term outcomes regarding childbearing and sexual life in AIS women, compared with matched control subjects who did not have scoliosis [8] and found that patients appeared to function well with regard to marital status and number of children. In addition, Danielsson et al [7] revealed no major impact of scoliosis on marriage, childbearing, or the degree of physical strain during work or leisure time. Similarly, like Benli et al. [48] , in a group of patients treated conservatively, we summarized that scoliosis and brace treatment regimen did not affect patients' marital status or childbearing negatively. However, significant differences with regard to educational levels, hours spent on the occupational activity and active hobby per week in favor of the healthy controls were confirmed.
Clinical relevance
The results of our study indicated that the patients' quality of life, as measured by the SRS-22, is associated with levels of emotional distress due to body disfigurement. It is particularly important as far as practical implications are concerned, since the emotional distress might constitute a potential risk leading to decrease of patients' general well-being. It ought to be one of the factors taken into account when considering psychological screening and in providing appropriate support for AIS females.
It was also revealed that entire domain of patients treated nonoperatively with the Milwaukee brace, when followed into middle age, is more concerned about body appearance, but less with back pain and everyday activities, than healthy females. Nevertheless, patients must be aware that bigger curves after completed treatment might still be associated in the future with more concerns about their appearance and satisfaction with treatment results. Thus, those patients should be routinely supported by means of group or individual session, since their positive influence in the prevention of psychosocial impairment has been confirmed [57] .
To summarize, it is necessary to carefully investigate the emotional burden of adult females with AIS experience due to spinal disfigurement and orthosis wearing, to provide them with the appropriate individual psychological support and reliable information for patients qualified to undergo conservative treatment.
Study limitations
There are some limitations to the present study. Firstly, in view of the fact that validated scoliosis-specific assessment tools were not available 20 years ago, long-term assessment of conservative treatment of AIS must be retrospective. Secondly, the response rate was relatively low. Our study group consisted of 30 study participants. However, this is expected in a study with a very long-term follow-up assessment. Thirdly, as the patient group and the controls were different in number of children, working time, and living area, the differences in the results of the questionnaires of this study might not be due to the presence of scoliosis alone. In addition, we are aware that those differences might have influenced the study results in regards to e.g. body image disturbances or mental health. To sum up, further studies with a longer follow-up and in a group of patients treated surgically for comparative purposes in terms of nonverbal assessment of spinal appearance and trunk deformity-related emotional stress are needed to expand the results of our research.
Conclusion
The findings of the current study add to the complexity of long follow-up evaluations of AIS, amongst females treated with a Milwaukee brace. We conclude that long-term results were not conclusive regarding the nonverbal assessment of body image and emotional tension regarding the experiences of brace-wearing. In addition, future patients can be reassured that scoliosis does not negatively affect everyday activities, pain level, childbearing and mental health.
However, the subjects in our study who declared to have psychological problems due to scoliosis had bigger curve size after completed treatment. Methodology: Ewa Misterska, Jakub Głowacki, Maciej Głowacki.
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